Background: Use of damage control surgery techniques has reduced mortality in critically injured patients but at the cost of the open abdomen. With the option of delayed definitive management of enteric injuries, the question of intestinal repair/anastomosis or definitive stoma creation has been posed with no clear consensus. The purpose of this study was to determine outcomes on the basis of management of enteric injuries in patients relegated to the postinjury open abdomen.
anastomosis; one patient had a right colon repair. Leak rate increased as one progresses toward the left colon (small bowel anastomoses, 3% leak rate; right colon, 3%; transverse colon, 20%; left colon, 45%). There were no differences in emergency department physiology, injury severity, transfusions, crystalloids, or demographic characteristics between patients with and without leak. Leak cases had higher 12-hour heart rate (148 vs. 125, p ϭ 0.02) and higher 12-hour base deficit (13.7 vs. 9.7, p ϭ 0.04), suggesting persistent shock and consequent hypoperfusion were related to leak development. There was a significant trend toward higher incidence of leak with closure day ( 2 for trend, p ϭ 0.01), with closure after day 5 having a four times higher likelihood of developing leak (3% vs. 12%, p ϭ 0.02). Conclusions: Repair or anastomosis of intestinal injuries should be considered in all patients. However, leak rate increases with fascial closure beyond day 5 and with left-sided colonic anastomoses. Investigating the physiologic basis for intestinal vulnerability of the left colon and in the open abdomen is warranted.
(J Trauma. 2011;70: 273-277) U se of damage control surgery (DCS) techniques has reduced mortality in critically injured patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] For patients dying because of the bloody viscous cycle, limiting the operation to essential interventions permits patient return to the surgical intensive care unit (SICU) for physiologic restoration. 5, 8 A component of DCS is limiting enteric content spillage at the initial operation. Small gastrointestinal injuries may be controlled with a rapid whipstitch of 2-0 prolene. Complete transection of the bowel or segmental damage is often controlled using a gastrointestinal anastomosis stapler, with resection of the injured segment. Alternatively, open ends of the bowel may be ligated using umbilical tapes to limit spillage. After normalization of physiologic parameters, typically after 12 hours to 24 hours in the SICU, the patient is returned to the operating room for definitive repair of injuries. With the option of delayed definitive management of enteric injuries, the question of primary repair/anastomosis versus stoma creation has been posed with no clear consensus in the literature. The purpose of this study is to determine outcomes on the basis of management of enteric injuries in patients relegated to the postinjury open abdomen. If patients had an intra-abdominal abscess and anastomotic leak, the abscess was considered to be due to the leak, and the patient was counted only in the leak category. An enterocutaneous fistula (ECF) from a suture line was classified as an anastomotic leak. If in question, categorization of an ECF was left to the judgment of the attending surgeon. Patients excluded from analysis included deaths within 24 hours, identification of injury after 24 hours, and those with rectal injuries. Logistic regression was used to determine independent effect of risk factors on leak development for multiple confounders. This study was approved by each participating center's Institutional Review Board.
PATIENTS AND METHODS

RESULTS
During the 6-year study period, 204 patients requiring an open abdomen suffered enteric injuries. The majority was men (77%) sustaining blunt trauma (66%) with a mean age of 37.1 years Ϯ 1.2 years and median Injury Severity Score of 27 (interquartile range ϭ 20 -41). Injury patterns included 81 SB (40%), 37 colonic (18%), and 86 combined (42%) injuries. Three patients died before definitive repair of their enteric injury; one patient had an isolated colon injury, while the other two patients had combined injuries. Only 20 (10%) patients received empiric postoperative antibiotics, while 6 (3%) received antifungals. Overall mortality was 13% (26 patients); of those succumbing, 8 patients had an abdominal complication (1 patient with a leak and 7 patients with an abscess). None of these complications were directly linked to the patient's death.
Patient's enteric injuries were managed with immediate repair (58), immediate anastomosis (15), delayed anastomosis (96), stoma (10), or a combination (22). The majority (93 of 127 patients, 73%) of patients underwent a sewn rather than a stapled anastomosis. Patients undergoing stoma formation as the primary management of their enteric injury were compared with patients undergoing resection and anastomosis (Table 1 ). There was no significant difference in patient demographics, injury severity, emergency department (ED) or 12-hour physiology, transfusions, crystalloids, or abdominal complications except for anastomotic leak rate. Mortality rate was significantly higher in the patients undergoing stoma formation.
Sixty-one patients suffered intra-abdominal complications: 35 (17%) abscesses, 15 (7%) leaks, 11 (5%) ECFs. Fourteen of the 15 patients (93%) with a leak had had their enteric injury treated with an anastomosis; 1 patient had a repair of a right colon injury. The original enteric injuries in these 15 patients were: isolated SB (2), isolated right colon (2), isolated transverse colon (1), isolated left colon (3), and combined SB and left colon (7) . Leak rate increased as one progresses toward the left colon (Table 2) . Of those patients with anastomoses that leaked, the majority (11 of 14 patients, 79%) were sewn rather than stapled. The nonleak group had a similar percentage of sewn anastomoses. One-third of leaks were noted while the abdomen was still open. There were no , heart rate (HR), temperature, and base deficit), injury severity, transfusions, crystalloids, and demographic characteristics between patients with and without leak. However, leaks were associated with a higher 12-hour HR (148 vs. 125, p ϭ 0.02) and higher 12-hour base deficit (13.7 vs. 9.7, p ϭ 0.04), suggesting persistent shock and consequent hypoperfusion were risk factors for leak development. There was a significant trend toward higher incidence of leak with closure day ( 2 for trend p ϭ 0.01, R 2 ϭ 0.18) (Fig. 1) . Fascial closure on day 5 or after had a four times higher likelihood of developing leak (12% vs. 3%, p ϭ 0.02, odds ratio ϭ 4.1, 95% confidence interval ϭ 1-5) (Fig. 2) . Mean number of operations in the leak group was higher than in the nonleak group (7.8 operations vs. 3.3 operations). Patients requiring only two abdominal procedures were less likely to develop leak (1% vs. 12%, 2 p ϭ 0.002).
Eleven patients were reported to have an ECF. Six (55%) of these patients had an identified SB fistula in the setting of an open abdomen covered with a split-thickness skin graft. Two patients had SB ECF after primary fascial closure on postinjury day (PID) 8; treatment modality of the ECF was not reported. One patient had an ECF noted while the abdomen was still open on PID 10; this was repaired and drained. One patient had a colocutaneous fistula after fascial closure on PID 2; repeat laparotomy was performed and drains placed. The final patient had a colocutaneous fistula after fascial closure on PID 4; this was treated with laparotomy and diverting ileostomy on PID 45. There were no
Thirty-five patients developed an intra-abdominal abscess; 17 patients had an isolated SB injury, 4 patients had an isolated colon injury, and the remainder had combined injuries. Of the 35 patients, 21 patients had their injuries treated with an anastomosis, 8 patients underwent primary repair, 3 were treated with a stoma, and 3 patients had a combination of a SB anastomosis plus a colostomy. There was no significant difference in demographic characteristics, injury severity, ED or 12-hour physiology, transfusions, crystalloids, or empiric antibiotic use between patients with and without an abscess. Patients developing an abscess had more abdominal operations than those who did not (4.5 operations vs. 3.5 operations, p ϭ 0.02).
Comparing all patients with abdominal complications (leak, ECF and abscess) to those without, patients with complications had a significantly higher HR at 12-hour postinjury, more crystalloid within the first 24 hours, and more red cell transfusions in the first 24 hours (Table 3) . In addition, patients with complications underwent more abdominal explorations and attained abdominal closure later than those patients without complications. Not surprisingly, mean ventilator, ICU, and hospital days were greater in the complication group; however, mortality was similar between the two groups. Type of abdominal closure for the two groups is presented in Table 4 . There was a significant increase in complications in patients undergoing a closure other than fascial.
DISCUSSION
The term "damage control" was coined by the US Navy during World War II and was defined as those procedures and skills used to maintain or restore the watertight integrity, stability, or offensive power in a warship. This military term is used today to describe the management of the surgical equivalent of a sinking ship. The concept was introduced by Stone et al. 9 in 1983 and promulgated by the Ben Taub General group. 2 The fundamentals of DCS are to limit the operation to essential interventions, namely controlling hemorrhage, shunting major vascular injuries, and limiting enteric contamination, in patients who are dying because of the bloody viscous cycle (the lethal triad of hypothermia, coagulopathy, and acidosis). 5 Aborting the operation enables one to return the patient to the SICU for resuscitation and correction of the coagulopathy. Once physiologic restoration is complete, the patient is returned to the operating room for definitive repair of injuries.
In patients relegated to the postinjury open abdomen, a critical question that remains unanswered is whether to perform a stoma as the "definitive repair of injuries", or to proceed with restoring gastrointestinal continuity. The largest study of penetrating colon injuries to date supports primary anastomosis in all patients, stating equivalent abdominal complication rates between patients undergoing resection and anastomosis versus resection and stoma formation. 11 However, this study did not have a subgroup analysis of patients requiring an open abdomen after their enteric injury; hence, the question of what method of colon management is optimal in the postinjury open abdomen persists. One of the first studies to specifically address the question of stoma versus anastomosis in the postinjury open abdomen evaluated 29 patients with destructive bowel injury. 12 Nineteen of these patients had a resection and anastomosis performed, of whom two (10.5%) patients sustained a leak. Overall leak and abscess rates between those patients with an open abdomen versus those with immediate fascial closure were not statistically different, but the study population was small. The leak rate of 10% observed in this study has been confirmed by others. 10 Miller et al. 13 reviewed their single-institution experience with 32 patients sustaining colonic injuries who underwent DCS; they reported similar anastomotic leak rates and abscess rates between patients undergoing immediate anastomosis, delayed anastomosis, and stoma formation. Additional reports support the safety of bowel repair in patients with the postinjury open abdomen. 14 However, Weinberg et al. voiced a note of caution in the management of colon wounds after DCS; the authors do not seem to mandate colostomy formation in the setting of DCS but question whether it is the safer alternative. 15 However, an inherent problem with all of these studies is their limited size and inability to identify particular patients at risk for abdominal complications.
The current multicenter study of Ͼ200 patients with enteric injuries requiring a postinjury open abdomen found that the minority of patients suffer abdominal complications. Therefore, repair or anastomosis of identified injuries should be considered in all patients. However, there is an increase in anastomotic leak rate in patients with left colon injuries and in those patients with fascial closure beyond day 5. To our knowledge, the increasing risk of anastomotic leak with progression toward the left colon, although perhaps not surprising, has not been previously reported in the DCS literature. One other study has demonstrated the relationship between increasing number of days to abdominal closure and complications. 16 These authors recognized that patients closed after 8 days had a significantly higher complication rate. Factors previously identified to be associated with an increased risk of anastomotic leak such as increased red cell transfusion 17 or hypotension in the ED 18 were not evident in this study. The only physiologic variables that were significantly different between the group of patients with an anastomotic leak versus those without a leak were the patient's HR and base deficit during the initial 12 hours postoperatively, suggesting persistent shock and consequent hypoperfusion were related to leak development. The majority of anastomoses were performed with sutures rather than staples, and there was a similar rate of complications between the two groups.
Evaluating patients who required an open abdomen postinjury, it does not seem that one can predict which patients will develop an intra-abdominal abscess. Demographics, physiologic parameters, and transfusion were similar between patients who developed an abscess versus those who did not. The only significant difference was that those patients developing an abscess had, on average, more abdominal operations. In patients suffering an ECF, there was also a significant difference in number of laparotomies, with those developing an ECF having an average of two more abdominal explorations than those who did not. Moreover, patients with ECF had parameters suggestive of persistent shock (lower postoperative SBP and higher postoperative crystalloid infusions and red cell transfusion volumes). 14 With an anastomotic leak rate of 16% and 75% of these leaks identified with the abdomen still open, they concluded that primary repair of colon injuries is safe in the damage control scenario. However, in this study, only one-third of patients with a leak were identified with the abdomen still open.
We acknowledge the weaknesses inherent in this retrospective analysis. The open abdomen patient group was managed in a heterogeneous manner by a wide variety of trauma surgeons. The particulars of surgical decision making on any single patient cannot be inferred. This may simply reflect the current management controversies in caring for these complex patients. In addition, quantification of the severity of abdominal injury was not reported for this population of patients. Hence, intra-abdominal complications may or may not have been limited to those patients with higher abdominal trauma index scores. The type of complication was determined by the reporting center; one might question that some of the patients with an ECF might actually be considered an anastomotic leak. Finally, we did not quantify how physiologically replete the patient was at the time of definitive bowel management; as such, there could be varying degrees of persistent hemodynamic instability, acidosis, hypothermia, or coagulopathy. The role of enteral nutrition was not addressed in this study design. There was insufficient data to determine whether there was a decrease in the complication rate over time course of the study. Future prospective multicenter studies would serve to further investigate these shortcomings and further questions.
CONCLUSIONS
DCS techniques have reduced mortality in critically injured patients, but the trade-off is the morbidity of the resultant open abdomen. Although the initial focus on the reduction in postinjury mortality is appropriate, it is time to refine techniques to minimize complications and improve overall outcomes. An important step is to quantify and characterize the abdominal complications and determine the most appropriate treatment for enteric injuries. Based on this analysis, all patients undergoing DCS should be considered for repair of their enteric injuries, even in a delayed manner. However, in patients requiring an open abdomen beyond PID 5 or those with left colon injuries, stoma creation may be appropriate in high-risk patients. 
